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Error Analysis of the DGPS/INS Hybrid Navigation
System and its Flight Evaluation

Masatoshi HARIGAE!, Toshiaki Tsuim ™!, Masaaki MURATA!,

Takatsugu ONo™!, Toshiharu INnaGaki™ and Hiroshi Tomira™

ABSTRACT

U In this paper we propose a method for navigation error analysis, which is indispensable for
the practical application of the DGPS/INS hybrid navigation system in the aerospace field,
and then conduct flight tests to evaluate the results of error analysis using this method.

0 The proposed method is characterized by the application of the latest technical expertise
to error models of GPS and INS sensors. This feature makes the method far more reliable
than conventional methods. The method is also characterized by its capability to predict
navigation performance of even the most advanced navigation algorithms, such as the
DGPS navigation algorithm and the OTF ambiguity resolution algorithm.

U The error analysis using the proposed method makes it possible not only to predict navigation
performance attainable by the DGPS/INS hybrid navigation system but also to identify the error
sources that affect performance. Once those error sources are identified, we can propose and
evaluate a new algorithm to prevent them from affecting navigation performance. All these steps
contribute to the creatia of a more sophisticated DGPS/INS hybrid navigation system.

O More specificly, we applied the method to predicting the performance and characteris-
tics of the DGPS/INS hybrid navigation system, the multi-antenna DGPS/INS hybrid
navigation system and the rendezvous and docking DGPS navigation system. Of these, the
error analysis of the DGPS/INS hybrid navigation system was evaluated by flight tests.
The flight test data demonstrated that the proposed method was highly accurate, confirm-
ing its reliability. The parameter values used in the error models also matched the data
acquired at ground test facilities such as a 3-axis motion table.

] As a result, this study successfully establishes a unique and highly reliable method for
navigation error analysis of the DGPS/INS navigation system, thus contributing to progress

in the practical application of the system.

Key words: DGPS/INS hybrid navigation, error analysis, Kalman filter, flight evaluation
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Integrity Availabilit
Operation | Accuracy | Time- | Alert Limit | Probability [ Thres. | Obj. | FAA*™ | Continuity
(95%) to- of MI (Loss of
Alert Nav.)
Oceanic
En route & | 12.4 nmi 2 min 12.4 nmi+ 107/hr 0.99 99999 [ .999 1x10%/hr
Remote
Domestic | 2.0 nmi I min | 2.0 nmi+ 107/hr* 0.999 [.99999 |.99999 | 1x10°hr
En route
Terminal | 0.4 nmi 30sec [ 1.0 nmi+ 107/hr* 0.999 [.99999 |.99999 | 1x10°hr
Non- 220 m 10sec | 0.3 nmi+ 107/hr* 0.99 199999 |.99999 | 1x10°/hr
precision
Cat.I H-16m H-40 m** 2x107/ 5x10°%/
Precision |V -7.7m |6sec V-10- approach* [ 0.99 99999 [.99999 | approach
15 m++
Cat.II H-69m |2sec H-17.3 m** | 2x10%/ 0.99 99999 |.99999 | 4x10°%
Precision [V -2.0m V-53 m** | approach* 15 sec
*
2x10%1ast
Cat.IIT H-6.1m [2sec** [H-15.5 m** |2x10°% 15 sec
Precision V-20m |[1sec V-5.3 m** approach* |0.99 99999 | .99999 [ 1x107/last
(goal) * 15 sec
(vertical)

*FAA-E-2892C (draft)
+RTCA/DO-208

**RTCA/DO-245

++B. DeCleene
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